Spinal schwannomas (SSs) comprise approximately 25-30% of all spinal tumors.[@ref1],[@ref2] Schwannomas are frequently located in the lumbar spine. They are usually solitary lesions, and multiple schwannomas should raise suspicion of neurofibromatosis (NF).[@ref1]-[@ref3] Although SSs are commonly benign tumors, they rarely display malign characteristics.[@ref1] They can be intradural extramedullary or totally extradural tumors. These tumors grow slowly, enlarge the foramen, and can extend out of the spinal canal. Schwannomas that grow out of the canal can become very large.

Sridhar[@ref4] classified spinal schwannomas according to their sizes and extensions; in this classification, intraspinal schwannomas that occupy more than 2 vertebral segments in length and tumors with extraspinal components larger than 2.5 cm are defined as giant SS (GSS).[@ref4] The aim of this study was to review the diagnoses, tumor characteristics, and surgical approaches of patients with GSS who underwent surgery at our clinic.

Methods {#sec1-2}
=======

Data from 18 patients who underwent surgery for GSS in the Department of Neurosurgery, Umraniye Teaching and Research State Hospital, Istanbul, Turkey between January 2008 and December 2013 were retrospectively analyzed.

Although type II and above tumors are accepted as GSS according to Sridhar's classification,[@ref4] in this study we included all Sridhar type III, IV, and V GSS cases (namely, all tumors were larger than 2.5 cm). Many aspects of the cases, including demographic aspects (age, gender), symptoms, symptom duration, preoperative and postoperative neurologic states (assessed via the Nurick scale),[@ref5] tumor localization, and selected surgical approach were examined. Radiological assessments included preoperative and postoperative CT, and MRI; digital subtraction angiography (DSA) was employed in 2 cases with abdominal extensions of the tumors. All cases were monitored radiologically and clinically.

Inclusion and exclusion criteria {#sec2-1}
--------------------------------

This study included cases diagnosed with benign spinal schwannoma in histopathological analysis, and the ones that are type III and above according to the Sridhar classification. The cases diagnosed with malignity, and those smaller than type III on Sridhar were disregarded.

Statistical analysis {#sec2-2}
--------------------

Statistical analysis was performed using the Statistical Package for Social Sciences, version 12 (SPSS Inc., Chicago, IL, USA). Values were expressed as means+SD or as percentages. Means were compared by the Student's t-test, or one-way ANOVA test. The percentage was calculated in the presence and absence group by Pearson's Chi-square test. The limit of statistical significance was set at *p*\<0.05.

Results {#sec1-3}
=======

Thirty (25.6%) SS cases were identified among 117 operated spinal tumors. Eighteen (60%) of these cases were type III or above according to Sridhar's classification and were assessed as GSSs. Of the 18 GSS cases, 15 (83.3%) were female, and 3 (16.6%) were male. The age range was 16-70 (average: 45.8). The average symptom duration was 1.5 months (range: 1-48 months). Local pain was present in 15 cases, and radicular pain was present in 6 cases. Two patients (11.1%) complained of cervico thoracically-localized paraparesis, and 2 (11.1%) patients with sacral localizations complained of urinary retention and constipation.

The GSSs were most frequently located in the lumbosacral area (11 cases: 61.1%), and their distribution is indicated in **[Table 1](#T1){ref-type="table"}**. The NF type II lesions were present in 2 cases. The tumor types according to Sridhar classification, and their regional distribution are indicated in **[Table 2](#T2){ref-type="table"}**. Twelve (66.6%) GSSs were located extradurally, 2 (11.1%) were intradural, and 4 (22.2%) were both intradural and extradural. Only one case with a lumbar GSS had a history of previous surgery. All other cases underwent primary surgery at our clinic.

###### 

Clinical summary of giant spinal schwannoma patients.

  Case   Age/gender   Localization   Nurick Score   Symptoms   Symptom duration (months)                           Sridhar classification   Surgical approach   Complication   
  ------ ------------ -------------- -------------- ---------- --------------------------------------------------- ------------------------ ------------------- -------------- -----------------
  1      42 M         L              0              0          Lumbar pain                                         24                       3                   P              
  2      50 F         L              0              0          Lumbar and right leg pain                           2                        4                   EF             
  3      44 F         L              1              0          Lumbar and left leg pain                            4                        4                   EF             
  4      48 F         C              0              0          Neck and right arm pain, paraparesis in right arm   1                        3                   P              
  5      52 F         T              0              0          Back pain, coughing                                 48                       5                   EF             Local infection
  6      59 F         L              0              0          Lumbar and right leg pain                           2                        4                   EF             
  7      42 F         CT             1              0          Left arm pain and paraparesis in left arm           2                        5                   P              
  8      32 F         Sc             1              0          Lumbar and abdominal pain                           36                       5                   Ant TA + P     CSF leak
  9      70 F         L              0              0          Lumbar pain                                         24                       5                   RP             
  10     33 F         L              1              0          Lumbar pain                                         24                       5                   EF + P         
  11     35 F         TL             1              0          Lumbar and back pain                                12                       4                   P              
  12     52 F         Sc             1              0          Sacral pain                                         3                        5                   Ant TA + P     Local infection
  13     64 F         L              1              1          Lumbar and back pain                                6                        5                   EF             
  14     35 F         TL             0              0          Lumbar and back pain                                12                       3                   EF             
  15     44 M         T              1              0          Back pain                                           24                       5                   EF + P         
  16     59 M         Sc             1              0          Sacral pain                                         3                        5                   P              
  17     62 F         Sc             0              0          Pain in hip area                                    12                       5                   P              
  18     16 M         TL             0              0          Back and lumbar pain                                8                        5                   EF             

F - female, M - male, EF - extraforaminal approach, P - posterior approach, Ant TA - anterior transabdominal approach, RP - retroperitoneal approach, Cervical CT - cervicothoracic, L - lumbar, T - thoracic, TL - thoracolumbar, Sc -- sacral

###### 

Distribution of GSSs across the spinal levels according to Sridhar's classification.

  Spinal level                          Sridhar classification                  
  ------------------------------------- ------------------------ -- --- --- --- ---
  Cervical + cervicothoracic junction                               1       1   2
  Thoracic + thoracolumbar junction                                 1   1   3   5
  Lumbar                                                            1   4   3   8
  Sacral                                                                    3   3

Surgical approaches {#sec2-3}
-------------------

Differently localized tumors were approached differently. While the spine surgery team performed the posterior and posterolateral transabdominal methods, the access surgeons (namely, gynecologist and general surgeon) conducted the anterolateral retroperitoneal and anterior transabdominal methods. A posterior extraforaminal approach was applied in 7 cases, a posterior approach in 6 cases, a combined anterior transabdominal and posterior approach in 2 cases, a combined posterior and extraforaminal approach in 2 cases and a retroperitoneal approach in one case. Hemilaminectomy or total laminectomy was preferred for cases in which the lesions were completely within the spinal canal. The posterior method was the standard approach. In this method, the surgeon can see and control both proximal and distal poles of the tumor. Also, the surgeon can see the relation between the tumor, nerve roots, and rootlets. Therefore, this approach is safe for the experienced surgeons.

The posterolateral transforaminal approach was applied to the lumbar foraminal cases (**[Figure 1A](#F1){ref-type="fig"}**). The extraforaminal corridor was used after an incision in the skin was created 4 cm lateral to the middle line. A similar approach was used for the thoracic foraminal cases in which rib head resections were performed to reach the foraminal area (**[Figure 1B](#F1){ref-type="fig"}**). An anterolateral retroperitoneal approach was used in a foraminal GSS case with extension to the retroperitoneal area. For the giant sacral cases with extensions into the presacral area and abdominal cavity, staged surgeries were planned. In these cases, the intraabdominal, presacral, and intracorporal portions of the sacral GSS were initially resected using a transabdominal approach. Next, the remaining portions of the tumor were excised using a posterior midline line approach. Tumor excisions were performed under a microscope in all cases. Total tumor excision was achieved in all cases.

![Illustration of the lumbar extraforaminal and thoracic foraminal approach for resection of giant spinal schwannomas **A**) Lumbar extraforaminal approach for extraforaminal giant tumors (white arrow). **B**) The posterior approach was used for the thoracic foraminal cases in which rib head resection and hemilamiectomy were performed to reach the foraminal area (black arrow).](Neurosciences-21-30-g001){#F1}

Functional results {#sec2-4}
------------------

Preoperative assessments revealed that 9 patients were classified as Nurick 0, and 9 patients were classified as Nurick 1. Postoperative assessments revealed improvements in the Nurick scores of 8 cases. The Nurick score of one case did not change (**[Table 3](#T3){ref-type="table"}**). The constipation complaints from the patients with sacral localizations were alleviated in the early postoperative period, and the urinary complaints were resolved approximately 2 months later. Similarly, the paraparesis and radicular symptoms of the 2 cervical and thoracic GSS cases were resolved in the postoperative period.

###### 

Comparison of studies that have examined giant spinal schwannoma cases in the literature.

  Literature                    No. of cases   Localization   Complications
  ----------------------------- -------------- -------------- --------------------------------------------------------------------------
  Correa et al, 2013[@ref11]    1              Thoracic       \-
  Çağlı et al, 2012[@ref10]     13             Sacral         L5 nerve root injury, CSF leak, sphincter disturbance, iliac vein injury
  Kagaya et al, 2000[@ref12]    1              Cauda equina   Temporary loss of motor function
  Ogosa et al, 2001[@ref13]     1              Sacral         Temporary sciatic weakness
  Ozdemir et al, 2010[@ref14]   6              All levels     Three instability cases
  Sridhar et al, 2001[@ref4]    10             All levels     Fusion applied to all patients, one patient exhibited CSF leak
  Yu et al, 2012[@ref15]        14             All levels     Four recurrences, 2 instability cases
  Current study                 18             All levels     2 CSF leaks, 2 local infections

GSS - giant spinal schwannoma, L - lumbar, CSF - cerebrospinal fluid

Complications {#sec2-5}
-------------

Surgery site infections were observed in 2 cases, and CSF leakage was observed in one case. The patients who experienced infection and CSF leakage were medically treated with bed rest and proper antibiotic therapy.

Histopathological analysis {#sec2-6}
--------------------------

Histopathological analysis of the tumors revealed a benign schwannoma in all cases. No malignance occurred in any cases.

Tumor recurrence and follow-up {#sec2-7}
------------------------------

The cases were followed postoperatively for an average of 38.5 months (range: 20-68). All patients were examined in an outpatient clinic at 6-monthly intervals. The MR imaging revealed that no relapses occurred in any case during the follow-up period.

Discussion {#sec1-4}
==========

Nerve sheath tumors originate from the transition section (Obersteiner-Redlich section) of the nerve root where the oligodendrocytes transform into Schwann cells. Schwannomas most frequently develop from the dorsal roots and are generally located intradurally and extramedullarly.[@ref1],[@ref6] However, nerve sheath tumors can extend to the foraminal and extraforaminal areas, and can also be extradural. Schwannomas are tumors with benign capsules that originate from single nerve fascicules that display progressive growth characteristics that do not comprise other fascicules. Schwannomas can be observed sporadically or in association with NF-2, schwannomatosis or Carny complexes.[@ref7],[@ref8]

The incidence of spinal schwannomas is approximately 0.3-0.4 per 100,000 people.[@ref9] The SSs are most frequently observed in the lumbar and cervical areas. Currently, the frequent use of MRI has increased the incidence of spinal tumors. Specifically, lesions localized in the lumbar and cervical zones can be detected before any clinical presentation. The SSs can grow to giant sizes as they produce late clinical signs and symptoms following extension through the neuro foramen. There is no clear data in the literature regarding the frequency of GSSs.[@ref2],[@ref6] A large portion of the published studies is composed of case reports, and the numbers of cases in case series are well below 20 (**[Table 3](#T3){ref-type="table"}**).[@ref4],[@ref10]-[@ref15]

One hundred and seventeen primary spinal cord tumors were observed in our clinic between January 2008 and December 2013. Thirty percent of these cases were formed by spinal schwannomas, and 18 (60%) cases were classified as types III, IV, or V in the Sridhar classification (**[Table 1](#T1){ref-type="table"}**) (**Figures [2](#F2){ref-type="fig"} & [3](#F3){ref-type="fig"}**). In our clinic, the rate of GSSs was relatively high compared with the overall rate of SSs, which is because these types of cases are referred to our clinic. Although most of the reported case presentations and case series were comprised of sacral GSS, a review of the related literature revealed that many GSS cases are located in the lumbar spine; indeed, 60-70% of GSSs have been reported to be lumbar by other studies.[@ref10],[@ref13]-[@ref18] High rates of cervical GSSs have only been reported by Kim et al[@ref19] and Özdemir et al,[@ref14] who found rates of 50-55% in their series. In our series, most of the GSSs were located in the lumbosacral area (11 cases; 61.1%).

![Thoracic giant spinal schwannoma **A**) Preoperative coronal T1 weighted with contrast MR images and **B**) preoperative axial T1 weighted with contrast of case 5 case 5 (white arrows). **C**) Postoperative coronal T1 weighted with contrast images and **D**) axial T1 weighted with contrast of case 5 who underwent an extraforaminal approach for tumor excision (gray arrows).](Neurosciences-21-30-g002){#F2}

![Lumbar giant spinal schwannoma **A**) Preoperative sagittal T2 weighted with contrast and **B**) axial T2 weighted MR images of case 13 (white arrows). **C**) Postoperative sagittal T1 weighted with contrast, and **D**) axial T1 weighted with contrast MR images of case 13 who underwent posterior approach for tumor excision (gray arrows).](Neurosciences-21-30-g003){#F3}

Many factors may affect the clinical presentations of spinal schwannomas, such as the location, level, and extension of the tumor, and the duration of compression. Large tumors can compress both neural and adjacent organs. Extraforaminal thoracic GSSs can compress the lungs and vascular structures, and lumbosacral GSSs can compress abdominal and visceral structures resulting in urination problems and constipation.[@ref10],[@ref13],[@ref19] Furthermore, GSSs that are located in the cauda equina can cause vertebral erosion that results in instability pain.[@ref11]-[@ref13],[@ref20]

The most frequently observed complaints in our trial were low back pain and radicular symptoms. Paraparesis was observed in 2 cases with cervical localizations, and one patient with a Th4 localization growing toward the inside of the thorax. Neurological assessments revealed improvement in 8 of 9 cases. No change occurred in the score of one case, but the preoperative score of this case was one.

Radiologically, GSSs are isointense (75%) on T1- and hyperintense on T2-weighted MR sequences. Unlike classic schwannomas, cystic and necrotic zones may be observed in GSSs. In such cases, preoperative diagnoses should be supported with percutaneous biopsies. Preoperative diagnostic biopsies were performed in 2 of the cases in the present study. Cystic components were detected in 3 (17.6%) cases on MR imaging, and bone destruction was observed in 9 (52.9%) cases. Another issue that should receive attention during diagnosis is that intracranial schwannomas are likely to accompany spinal schwannomas. Therefore, complete spinal and cranial MRs were performed for all cases in this series.

Surgical indication and surgical approach {#sec2-8}
-----------------------------------------

Surgery is the treatment of choice for GSSs. The selection of the surgical approach varies according to the location and extension of the GSS. In sacrally localized tumors, anterior and/or posterior surgery can be applied depending on the intra-pelvic or intra-sacral compartment of the tumor. Similarly, in thoracic and lumber GSSs, the tumors generally exhibit enlargement in the spinal foramen and growth in the anterior direction. Anterior surgery is a safe method for controlling vascular plexuses and other anatomical structures. Particularly for intra-pelvic GSSs that are localized in the sacral area, the iliac artery might be adherent to the vein, ureter, and rectum. In such cases, the portion of the tumor inside the sacrum erodes the sacrum. Such cases require a posterior, and anterior approach to resect all parts of the tumor.[@ref2],[@ref6],[@ref21] The close relationship between the tumor and iliac arteries, veins, and colorectum should be kept in mind, and surgeons should be well prepared for any complication. Therefore, a colorectal surgeon or gynecologist rather than a general surgeon should conduct presacral exploration. The extraforaminal approach is an alternative to the anterior and posterior approaches for all types of pathology and interventions within the foraminal, paraforminal, and extraforaminal areas. This approach, which can be used in tumors that grow extraforaminally in the lumbar, thoracic, and cervical zones, is a safe approach that can be applied by spine surgeons and does not require the support of other surgical disciplines.

In these cases, there was already an enlarged intervertebral foramen. Hence, enlarging the foramen was not needed in most of the cases. The surgeon could initially expose the tumor and distal end of the nerve root. After opening the tumor sheath and enucleation, the proximal end of the nerve root became visible. In all the cases, the tumor was successfully removed, and there was no need to sacrifice the nerve root. The foraminal and extraforaminal GSSs between the transverse processes were easy to reach following a vertical incision 4-5 cm lateral to the middle line. This same method can be applied safely with a rib resection in the thoracic zone. With this technique, the lateral surfaces of the revealed nerve root, foramen, and dura can be reached easily.

This approach can be combined with a posterior approach in cases in which the tumor has both extraforaminal and intraspinal compartments. In such cases, a combined intervention that involves 2 separate fascia incisions, one closer to the midline and the other at approximately 3-4 cm lateral to the midline and a single skin incision one cm lateral of the middle line can be performed. A second alternative approach for these tumors with intracanal extensions is the far lateral approach, which employs a skin incision that is 6-8 cm lateral to the midline. In our study, a pure extraforaminal approach was applied in 7 cases (5 lumbar, 2 thoracic) and a combined extraforaminal and posterior approach from the single incision was applied in 2 cases.

The anterolateral retroperitoneal method was applied only in one case in the current series. As in the posterolateral approach, the proximal end of the nerve root cannot be seen until resecting the tumor during this approach. Careful exposure and dissection of the tumor and surrounding structures are critical to avoid injury to the peritoneal and retroperitoneal structures. Therefore, an access surgeon familiar with this area (for example, general surgeon, or urologist) should carry out this operation.

In GSS surgery, several complications can develop depending on the tumor's localization and size. Complications such as infection, pulmonary emboli, neurologic damage, CSF fistula, vascular injuries, instability, and ureter and rectum injury have been reported in the literature.[@ref22],[@ref23] Complication rates increase as the size of the total excised tumor increases. Neurological deficits following total excision of the cauda equina and sacral GSSs were observed in 12 of 24 cases,[@ref10],[@ref22]-[@ref26] while neurological deficits were observed in only 2 of the 26 cases who underwent subtotal excision.[@ref3],[@ref10],[@ref27]-[@ref29]

Bone destruction due to tumor invasion and/or the resection of bone tissue during surgery is an important reason for postoperative instability. The need for intraoperative instrumentation might arise in cases with obvious preoperative instability. The biggest handicap of this technique is that it is more difficult to follow-up these cases due to the appearance of metal artifacts on postoperative MRIs. Therefore, most surgeons refrain from applying implants in these cases.[@ref3],[@ref12],[@ref25],[@ref28],[@ref30]

In our study, local surgery site infections were observed in 2 cases, and a CSF fistula was observed in one case. Primary or iatrogenic instability did not develop in our cases. The tumor tissues were excised in single sessions, with the exception of 2 cases with sacral tumors. Postoperative residues were not observed in our cases, and radiological recurrence was not determined on the follow-up.

In conclusion, spinal schwannomas are benign tumors that originate from the nerve sheath and tend to grow toward the outside of the vertebra from the neural foramen, and this growth is accompanied by bone expansion. Spinal schwannomas can easily reach giant sizes in the extraforaminal area and can require complex surgical planning. The most important aim of such surgical treatments should be the total excision of the tumor with minimum damage. To this end, the tumor should be excised using the most appropriate approach. The approach can be tailored based on the tumor's size, location, and extension. Giant spinal schwannomas may enlarge towards neighbor vascular and visceral organs into abdominal and thorax regions. Therefore, surgical operations need planning through multidisciplinary approaches and proper methods should be chosen accordingly. In some cases surgically, a simple intralesionary excision is an appropriate choice.
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